Abstract: Divalent transition metals substituted LaFeO3 type perovskite catalysts (LaFe0.95M0.05O3 with M= Cu 2+ and Ni 2+ ) were synthesized by hydrothermal method and characterized by using X-ray diffraction (XRD), temperature programmed reduction with H2 (H2-TPR) and N2-physisorption techniques. The catalytic activity of the catalysts was tested for N2O decomposition reaction. Enhancement in the catalytic activity was observed after substitution of Cu and Ni metal ions into LaFeO3 framework. LaFe0.95Ni0.05O3 showed higher catalytic activity than LaFeO3 and LaFe0.95Cu0.05O3 catalysts. The plausible reason for the increased activity is that LaFe0.95Ni0.05O3 sample possessed high oxygen mobility than the other two samples.
INTRODUCTION
Mixed conducting oxygen permeable (O-MIEC) materials are gaining significant attention for catalytic reactors, gas purification [1] [2] [3] , natural gas conversion, coal gasification [4] , and other selective oxidation of hydrocarbons [5] [6] . The catalyst with perovskite structure ABO 3 attracts interest of the scientists due to high stability and catalytic properties. The unit cell in perovskite-type oxides consisting of B small cation which is catalytically active (usually transition metals) is in a six-fold coordination and the A (catalytically active) larger cation (usually rare earth, alkali, alkaline earth metals) is in a twelve fold coordination with the oxygenanions [7] . Many required properties can be modified, including the unusual valence state of transition metal ions, the binding energy and diffusion of O in the lattice, the distance between active sites, and the magnetic and conductive properties of the these materials [8] [9] [10] [11] . This modification made by the substitutions in A-and/or B-sites to control the structural defects. The modification in the catalytic properties of perovskites, by the insertion of dopants, remains the more intriguing to understand and study the catalytic processes on this material [12] .
It was reported that LaFeO 3 is chemically stable in both reducing as well as oxidizing atmosphere [13] . The doped LaFeO 3 shows high electrical conductivity, outstanding thermal stability, high dielectric constant, *Address correspondence to this author at the Chemistry Department, Faculty of Science, King Abdulaziz University, 21589 Jeddah, P.O. Box 80203, Saudi Arabia; Tel: +966-500558045; Fax: +966-2-6952292; E-mail: mmokhtar2000@yahoo.com, mmoustafa@kau.edu.sa low dielectric loss, moderate permittivity, susceptibility, polarizability, ferroelectricity, piezoelectricity therefore used as separator material in solid oxide fuel cells [14] . Doped LaFeO 3 also shows oxygen ion conductivity and has been studied for its applications in oxygen permeable membranes [15] [16] [17] .
Nitrous oxide is one of causes the ozone depletion as well as of the greenhouse gases that cause the greenhouse effect. The global warming potential of N 2 O (144) is found to be much higher than that of carbon dioxide gas (1) . Therefore, the focus to control emissions this gas from the human sources was increased [18] . To control the N 2 O emissions from industry and transportation sources there are different methods but the direct catalytic decomposition of N 2 O is an attractive and economical option to control N 2 O emission [19] . Recently, attention towards perovskite as active catalyst for N 2 O decomposition was reported [19] [20] [21] [22] [23] . The stoichiometry and non-stoichiometry of LaCo 1 y O 3 and La 1 x CoO 3 perovskites on the catalytic activity of N 2 O decomposition reaction were extensively studied [20] . The effect of partial substitutions on the Bsite as in EuCo 1 x Fe x O 3 [16] , La 0.8 Sr 0.2 MO 3-(M = Cr, Fe, Mn, Co or Y) [22] and LaCo 1 x Fe x O 3 (x= 0,0.2, 0.4, 0.6, 0.8) [17] as well as partial substitutions on the Asite as in Pr 1 x Ba x MnO 3 (x = 0, 0.1-0.4) [23] were reported. It was also reported that the transition metal substituted catalysts offer relatively higher conversions in NO decomposition compared by the un-substituted catalyst [24] . In the present work, we are reporting the impact of the substitution of divalent transition metal cations (Cu 2+ and Ni 2+ ) on LaFeO 3 structure and in N 2 O decomposition activity. 
Catalyst Synthesis
In a typical synthesis, stoichiometric amounts of lanthanum nitrate (0.025 mol) with other metals precursors dissolved in (100-150 mL) of deionized water, and 0.35 mol KOH solid powder were then added. After 1 h of ultrasonic stirring, the solution was transferred to a Teflon-lined autoclave ( 75 vol.%) for hydrothermal treatment at 523 o K for 2 days. The soobtained solid product was washed with DI water and dried overnight in an oven and homogenized by grinding and it was further calcined at 973 o K for 12 h in a muffle furnace.
Catalyst Characterization
XRD studies were carried out using a Bruker diffractometer (Bruker D8 advance target). The diffractograms were obtained using CuK 1 and a monochromator ( = 1.5405Å) at 40 kV and 40 mA. H 2 -temperature programmed reduction experiments were performed using Micromeritics AutoChem 2910 instrument. Calculated amount of catalyst initially treated with 10 %O 2 -Ar at 573 o K for 30 min, and then the sample was purged with Ar gas. The sample temperature brought down to room temperature (298 K) by passing the air into the furnace. Then, the flow of the gas changed to 5 % H 2 -Ar and the sample temperature increased to 837 o K at the rate of 5 o K/min.
H 2 -TPR patterns obtained by recording the TCD signal with respect to the time and temperature. The N 2 adsortpion-desorption isotherms were obtained from N 2 -physisorption at 77 o K using Autosorb-1 (Quantachrome, USA). Out gassing of catalyst samples for 8 h at 423 o K was carried out prior to N 2 -gas adsorption measurements.
N 2 O Decomposition Measurements
The catalytic N 2 O decomposition reaction was tested in a fixed-bed flow reactor. The amount of catalyst used is 500 mg in all the experiments. The temperature of the reaction was controlled by thermocouple that touched the catalyst bed zone. Prior to the catalytic test activation of the catalyst was performed by treating the catalyst under He flow at the reaction temperature. N 2 O (1000 ppm) /He was passed with the aid of thermal mass flow controllers (He is a balance gas). The volume flow rate was fixed at 125cm 3 min -1 (NTP) for all the investigated catalysts.
The exit concentrations were monitored by nondispersive infrared analyzer for the N 2 O.
RESULTS AND DISCUSSION

Catalytic Decomposition of N 2 O
N 2 O conversion plot at different reaction temperatures on the lanthanum ferrite-based catalysts is presented in Figure 1 The determination of the activation energy (E a ) of N 2 O decomposition over different substituted perovskite catalysts can throw more light on the role of divalent transition metal substitution in changing the mechanism of the catalyzed reaction. The apparent activation energy E a was calculated using Arrhenius equation by determining the catalytic reaction rate constant (k) at different reaction temperatures. Figure 2 shows the Arrhenius plots of N 2 O decomposition on different catalysts. The data obtained revealed the substitution of the Fe 3+ by divalent cations is accompanied by an increase in the activation energy values. However, the catalytic activities of these catalysts were of higher than pure LaFeO 3 . These results did not express the observed increase in the catalytic activity due to divalent cation substitution, simply because an increase and not a decrease in the value of E a obtained upon divalent cation substitution in the LaFeO 3 . This discrepancy has been solved by recomputing E a values taking into consideration the possible changes in the values of the pre-exponential factor (A) in the Arrhenius equation [25] [26] [27] . In fact, the recalculation of E a values adopting the A value of 
X-Ray Powder Diffraction
The XRD patterns for all the investigated solid catalysts are presented in Figure 3A metal oxides to form pure single perovskite phase. However, the disappearance of NiO as well as CuO phases indicates the incorporation of these metal ions into the bulk of the perovskite structure. The incorporated metals (active phases) resulted in the pronounced increase in the catalytic activity of the divalent cation substituted perovskites catalysts.
H 2 -Temperature Programmed Reduction (H 2 -TPR)
In order to investigate the influence of the doping of divalent metals on the reducibility of LaFeO 3 sample, H 2 -TPR experiments were used. Figure 4 
N 2 Adsorption/Desorption
Nitrogen adsorption-desorption isotherms at 77 K for LaFeO 3 , Cu 2+ and Ni 2+ substituted LaFeO 3 perovskite samples are given in Figure 5 .
The isotherms of all the samples can be classified as type II in IUPAC classification with a type H3 hysteresis. The pore size distribution graphs are shown inset of Figure 5A mesoporous ). The addition of Ni 2+ resulted in a slight ). The observed increase may be attributed to the creation of the extra micropore structure as well as oxygen vacancies upon Fe 3+ substitution with Ni 2+ .
The characterization results indicating that incorporation of Ni and Cu metal ions resulted in the enhancement of oxygen mobility and slight increase of surface area, which could contribute to the catalytic activity [29] .
CONCLUSION
The catalytic activity for N 2 O decomposition reaction on the LaFeO 3 perovskite increased after substitution of 
